Milk adulteration is an international social problem. Consumption of adulterated milk may cause serious health problems and a great concern of the food industry has been raised. In this study, a method based on the polymerase chain reaction (PCR) principle was validated for detecting cow's milk in goat's dairy products. A total of 40 goat's dairy products commonly consumed in Greece, were tested. Various concentrations, from 0.01 to 90%, of cows' milk in goats' milk samples were prepared for DNA extraction and further PCR analysis. Selection of highly polymorphic regions within the cow and goat mitochondrial D-loops, showing low homology between the two species, allowed to choose specific primer pairs for detection of cow and goat DNA. After electrophoresis, cow DNA was characterised by the fragment of the size of 300 bp, goat DNA by the fragment of 444 bp. The detection limit of the PCR method was 0.01% while sensitivity and specificity of the method were both 100%. Goat dairy products samples were tested for the presence of cow DNA. Thirty six out of forty (90%) that were tested, were found to produce cow-specific PCR product in addition to goat PCR product while only two samples gave goat-specific product only. The results are disappointing in terms of the food labelling honesty but on the other hand PCR is again a quickly, easy and reliable method that could be used for extended adulteration screening.
Introduction
Goat milk is a complete food, rich in proteins, vitamins, minerals and small fat molecules which makes it highly digestible compared to milk of other species (Golinelli et al, 2014) . Due to its synthesis goat milk can be used as an alternative of cow and even human milk in cases of health problems such as allergy, atopy, and inflammatory diseases (Jirillo, Jirillo & Magrone, 2010) . The use of goat milk and by products has beneficial effects on health maintenance, on physiological functions, and in the nutrition of children and elderly people, while it can be consumed without negative effects by people suffering from cow milk allergy (Mafra, Roxo, Ferreira & Oliveira, 2007; Ribeiro & Ribeiro, 2010; Silanikove, Leitner, Merin & Prosser, 2010; Di Pinto et al., 2017) . In cases of allergies in cow milk, goat milk has been reported to resolve 30-40% of the cases (Haenlein, 2004) . The recent years there is an increased demand of goat milk and goat milk-based products and their production has considerable economic importance mostly resulting from the widespread acceptance of the traditional goat cheeses (Zachar et al., 2011; Di Pinto et al., 2017) . On the other hand, goat's milk small production -mostly because of natural small production per animal-and its seasonality lead to higher prices of the goat dairy products when compared to bovine ones (Golinelli et al., 2014) .
Adulteration is a constantly current issue of the food industry. A food is considered adulterated if its quality is lowered or affected by the addition of substances which are injurious to health or by the removal of substances which are nutritious. Food adulteration includes not only the intentional addition or substitution or abstraction of substances which adversely affect nature, substances and quality of foods, but also their incidental contamination during the period of growth, harvesting, storage, processing, transport and distribution. The adulteration of foods with material of other species of greater availability and/ or lower cost is a common practice (Drummond et al., 2013) . In milk and dairy industry, the addition of bovine milk in dairy products of other species is a typical example (Herman, 2001 ). According to Commission Regulation (EC) 273/2008, a sample of milk is considered adulterated if the cows' milk casein content of the analysed sample is equal to or higher than the content of the reference sample containing 1 % cows' milk.
The most obvious problem that adulteration of milk can cause is fraud with economic aspects such as unfair competition but also include consumers' protection issues due to mislabelling or ethical, religious and cultural objections. Another important issue is the protection of the properties and the reputation of traditional P.D.O. (protected designation of origin) & PGI (protected geographical indication) cheeses as described by Commission Regulation (EC) 1151/2012 and expanded internationally via bilateral agreements between the EU and non-EU countries (Agrimonti, Pirondini, Marmiroli & Marmiroli, 2015) . Whether fraudulent or unintentional (e.g. contamination during production or logistics), mislabelled products give rise to economic loss and possible dangers to public health because milk proteins from any animals (most commonly bovine) are potential allergens (van van Hengel, 2007; Di Domenico, Di Giouseppe, Wicochea-Rodriguez & Camma, 2016) .
The detection of other species' milk in a sample can be complex due to genetic and non-genetic polymorphism (Recio, Perez-Rodriguez, Ramos & Amigo, 1997; Azad and Ahmed, 2016) . Commission Regulation 273/2008 set isoelectric focusing of γ-caseins after plasminolysis (IEF) as the reference method for the detection of cows' milk and caseinate in cheeses from ewes 'milk, goats' milk or buffalos' milk or mixtures of ewes', goats' and buffalos' milk. This is a qualitative method which although is sensitive and accurate for the detection of cow milk in mixes it has several disadvantages which include that it is not a high-throughput method, it is not quantitative, the analysis is time consuming, it cannot discriminate goat-sheep mixtures, interpretation of the IEF profile can be equivocal and is not applicable to products made of soy milk because some weak interfering bands have been observed (Addeo et al., 1990; Mayer, Heidler & Rockenbauer, 1997; Di Domenico et al., 2016) . In parallel, several methods based on different techniques have been introduced in order to detect cow milk in goat milk of dairy products such as electrophoresis (Mayer, Burger & Kaar, 2012; Molina, Martin-Alvarez & Ramos, 1999) , immunochemistry (Hurley, Ireland, Coleman & Williams, 2004; , chromatography (De Noni, Tirelli & Masotti, 1996; Ferreira & Caç ote, 2003; Mayer, 2005) and mass spectrometry (Cozzolino, Passalacqua, Salemi & Garozzo, 2002) . These methods, which are very specific, frequently lack in sensitivity and not always are suitable for heat treated material (Agrimonti et al., 2015) . In contrast, DNA based methods are more practical, sensitive and robust (Cuollo et al., 2010; Guarino et al., 2010; Drummond et al., 2013) thus could be a valid alternative as DNA is extremely persistent during food processing and can retain sequence-specific information retrievable after an amplification reaction (PCR) (Agrimonti et al., 2015) . Molecular methods for identification of animal species contribution to dairy products based upon PCR technology have been developed (Dalvit, De Marchi & Cassandro, 2007; Mafra et al., 2007; Agrimonti et al., 2015) . Only a few validated real-time PCR methods have been published (Lopparelli, Cardazzo, Balzan, Giaccone & Novelli, 2007; Rentsch et al., 2013) and Di Domenico et al., 2016 demonstrated a validation report of a real-time PCR supported by the analysis of commercial samples confirmed by IEF, the official European Union reference method.
In this study, a method based on the polymerase chain reaction (PCR) principle was validated for detecting cow's milk in goat's dairy products.
Material and Methods

Selection and Preparation of Control Samples
Authentic milk samples from cow (Bos taurus) and goat (Capra hircus) were acquired directly from the animals locally and were kept at -18 o C until the analysis. Different dilutions (mixtures) of cow milk in goat milk were prepared (0.01%, 1%, 2%, 5%, 10%, 20% and 50%). Also, pure goat milk was used as blank and cow milk as positive control.
Selection and Preparation of Food Samples
During the study period (September 2018 to March 2019) a total of 40 milk and dairy products were collected from local super markets around Athens (Greece). The products included 15 goat milk products, 15 goat cheeses and 10 yogurts from goat milk from 4 different brands.
DNA Isolation
1,5 ml of the different milk, dairy products and the control samples were centrifugated (10 minutes at 12000 x g) to obtain a pellet. DNA extraction from these pellets was performed using the NucleoSpin Food® kit (Macherey-Nagel, GmbH & Co. KG, Germany), according to the manufacturer's instructions with a modification of adding an overnight incubation with the Lysis Buffer and the Proteinase K at 65 o C instead of a 30 min incubation. The extracted DNA was quantified spectrophotometrically at 260 nm. DNA samples from sheep were used for specificity confirmation (designated specificity negative controls).
PCR Amplification
Selection of highly polymorphic regions within the cow and goat mitochondrial D-loops, showing low homology between the 2 species, allowed the choice of specific primer pairs for detection of cow and goat DNA. After electrophoresis, cow DNA was characterised by the fragment of the size of 300 bp and goat DNA by the fragment of 444bp. 50μ final volume solutions using MeltDoctor™ HRM Master Mix (Thermo Fisher Scientific™, USA) and carried out in a Veriti® 96 Well Therman Cycler (Applied Biosystems®): Initial denaturation: 94°C, 1 min; 40 cycles with the following step-cycle profile: denaturation 94°C, 30 s; annealing 60°C, 30 s; extension 72°C, 30 s; Final extension 72°C, 5 min. PCR products were separated in 2% agarose gel, stained with ethidium bromide (0.5 μg/ml) and documented under UV illumination using MiniBIS Pro device (DNR Bio-Imaging Systems Ltd., Israel).
Results and Discussion
The PCR assay was optimized for discriminating cow milk in goat milk and dairy products to detect adulteration with cow milk. The PCR tests used were very sensitive, specific, and reproducible. PCR tests showed a minimum detection limit of 0,01% indicating that the analytical assay unequivocally detected cow milk, even when it was present in small amounts. The sensitivity and the specificity of the method was 100%. The detection limit is very similar to that described by Bottero et al. (2003) and Feligini et al. (2005) . Other authors detected amounts of cow milk as low as 1% (Maškova and Paulikova, 2006) and 0.1% (Lopez-Calleja et al., 2005; Mafra et al., 2007) . To evaluate the repeatability and reproducibility of the method, 5 samples of pure goat milk were selected randomly and were contaminated with 1% cow milk and amplified in triplicate, while the procedure was repeated 3 times. The results of the PCR assay showed that the data had the same positive results.
Forty (40) samples from commercial goat milk and dairy products were analyzed by the PCR assay. In all of them, the PCR assays amplified the 300-bp fragment expected for cow derived-material, in addition to the 444-bp amplicon from goat. The former fragment indicates the addition of cow milk, considered an adulterant component, in thirtysix (36) commercial samples. This means that 90% of the products were adulterated with cow milk. In specific, all the 15 goat milk products and the 10 yogurts 100% were adulterated with cow milk while 11 out the 15 goat cheeses (73%) were adulterated with cow milk. The detected as adulterated samples (36) were then compared to the results of the electrophoresis of the control samples and the level of cow milk adulteration was found between 10-50%, with most of them (78%, 28 samples) in the range of 10 to 20% and 8 samples (22%) in the range of 20-50%. Finally, the samples that were evaluated as negative (4 samples) were also compared with the results of the electrophoresis and 2 of them could be characterized as contaminated with traces of cow milk.
Fraudulent addition of cow milk needs to be more than 10% to be economically significant. It has been reported that to test consumer perception of cheese composition, formulations may be prepared using mixtures with more than 10% (v/v) cow milk, although in a preliminary sensory test the consumers did not perceive adulteration levels less than 25% (v/v). Quality control inspections are a substantial step to guarantee unadulterated milk for consumption. Milk adulteration detection can be a difficult task as indicators of adulteration can change according to several factors (biological, climatic, agronomic etc), especially after processing, which can considerably alter milk's composition. The development of easy and cost-effective techniques for detection of milk adulteration can be a challenge, especially since these techniques must have a high degree of repeatability (Poonja et al., 2016; Das et al., 2016) .
The proposed technique is a useful screening test to detect the presence of cow milk in goat milk, even at a trace's levels. These results are consequent with those that have been obtained by the PCR procedure, by which it was also possible to detect traces amount of cow milk in goat milk and dairy products.
